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In the title compound, [Ru 3 (C 6 H 12 Cl 3 O 3 P)(C 29 H 30 P 2 )(CO) 9 ], 
the bis(di-o-tolylphosphanyl)methane ligand bridges one 
Ru— Ru bond and the monodentate phosphite ligand bonds 
to the third Ru atom. Both ligands are equatorial with respect 
to the Ru 3 triangle. Each Ru atom bears one equatorial and 
two axial terminal carbonyl ligands. The dihedral angles 
between the two benzene rings in the diphenylphosphanyl 
groups are 79.52 (10) and 69.88 (10)°. In the crystal, molecules 
are linked via C— H- • O hydrogen bonds into chains along 
[100]. 




Experimental 

Crystal data 

[Ru 3 (C 6 H 12 Cl 3 0 3 P)- 
(C 29 H 30 P 2 )(CO) 9 ] 
M r = 1265.25 
Monoclinic, F2j 
a = 10.1705 (6) A 
b = 20.7490 (12) A 
c = 12.3584 (7) A 

Data collection 

Bruker SMART APEXII DUO 

CCD area-detector 

diffractometer 
Absorption correction: multi-scan 

(SADABS; Bruker, 2009) 

r mi „ = 0.513, r mM = 0.899 

Refinement 

R[F 2 > 2a(F 2 )] = 0.016 
wR(F 2 ) = 0.042 
S = 1.05 

11176 reflections 
590 parameters 
1 restraint 



P = 109.241 (1)° 
V = 2462.3 (2) A 3 
Z = 2 

Mo Ka radiation 
ii = 1.23 mm -1 
T = 100 K 

0.63 x 0.30 x 0.09 mm 



23611 measured reflections 
11176 independent reflections 
11085 reflections with / > 2a(I) 
R in . = 0.016 



H-atom parameters constrained 
A/W = 0.78 e A~ 3 
Ap min = -0.50 e A" 3 
Absolute structure: Flack (1983), 

5368 Friedel pairs 
Flack parameter: 0.016 (10) 



Related literature 

For general background to triangulo -triruthenium compounds 
with general structure Ru 3 (CO) 12 .„L„ (L = group 15 ligand) 
see: Bruce et al. (1985,1988o,fe); Shawkataly et al. (1998, 2004, 
2010, 2011). For the preparation of the di-o-tolylphosphanyl 
ligand, see: Filby et al. (2006). For the stability of the 
temperature controller used in the data collection, see: Cosier 
& Glazer (1986). 



Table 1 

Hydrogen-bond geometry (A, °). 



D-H- - A 


D-H 


H-A 


D-A 


D-H- - A 


Cll-Hll^-Ol' 


0.93 


2.57 


3.204 (3) 


126 



Symmetry code: (i) x + 1, y, z. 



Data collection: APEX2 (Bruker, 2009); cell refinement: SAINT 
(Bruker, 2009); data reduction: SAINT; program(s) used to solve 
structure: SHELXTL (Sheldrick, 2008); program(s) used to refine 
structure: SHELXTL; molecular graphics: SHELXTL; software used 
to prepare material for publication: SHELXTL and PLATON (Spek, 
2009). 
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Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: RZ2762). 
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|/<-Bis(di-o-tolylphosphanyl)methane-1:2A: 2 P:P f ]nona- 
carbonyl-lK- 3 C r 2if 3 C,3A: 3 C-[tris(2-chloroethyl) phosphite-3tfP]-fria/7gi//o- 
triruthenium(O) 

Omar bin Shawkataly, Imthyaz Ahmed Khan, Siti Syaida Sirat, Ching Kheng Quah and Hoong- 
Kun Fun 

Comment 

A large number of substituted derivatives of the type Ru 3 (CO)i 2 -„Z<„ (X = group 15 ligand) have been reported (Bruce et 
ah, 1985, 1988a,&). As part of our study on the substitution of transition metal-carbonyl clusters with mixed-ligand 
complexes, we have published several structures of fr/awgw/o-trirathenium-carbonyl clusters containing mixed P/As and 
P/Sb ligands (Shawkataly et ah, 1998, 2004, 2010, 2011). Herein we report the synthesis and structure of the title 
compound. 

In the title triangulo-triruthenium compound, the bis(di-o-tolylphosphanyl)methane ligand bridges the Rul-Ru2 bond 
and the monodentate phosphite ligand bonds to the Ru3 atom. Both phosphorous ligands are equatorial with respect to 
the Ru 3 triangle. Moreover, each Ru atom carries one equatorial and two axial terminal carbonyl ligands (Fig. 1). The 
dihedral angles between the two benzene rings (C1-C6/C7-C12 and C14-C19/C20-C25) are 79.52 (10) and 69.88 (10)° 
for the two diphenylphosphanyl groups respectively. 

In the crystal structure, Fig. 2, molecules are linked via intermolecular Cll-HllA-Ol hydrogen bonds (Table 1) into 
one-dimensional chains along [100]. 

Experimental 

All manipulations were performed under a dry oxygen-free nitrogen atmosphere using standard Schlenk techniques. All 
solvents were dried over sodium and distilled from sodium benzophenone ketyl under dry oxygen free nitrogen. Tris(2- 
chloroethyl)phosphite (Aldrich) was used as received and bis(di-o-tolylphosphanyl)methane (Filby et ah, 2006) was 
prepared by reported procedure. Ru 3 (CO)io(^2-CH 3 C6H 4 ) 2 PCH 2 P(2-CH 3 C6H4) 2 ) was prepared by reacting Ru 3 (CO)i 2 
with bis(di-o-tolylphosphanyl)methane in presence of sodium benzophenone ketyl radical in THF (Shawkataly et 
a/.,2011). The title compound was obtained by refluxing equimolar quantities of Ru 3 (CO)i 0 (//-(2-(CH 3 C6H 4 ) 2 PCH 2 P(2- 
CH 3 C6H4) 2 ) and tris(2-chloroethyl)phosphite in hexane under nitrogen atmosphere. Crystals suitable for X-ray diffraction 
were grown by slow solvent/solvent diffusion of CH 3 OH into CH 2 C1 2 . 

Refinement 

All H atoms were positioned geometrically and refined using a riding model with C-H = 0.93 or 0.97 A and £/ is o(H) =1.2 
or 1.5 J7 eq (C). A rotating group model was applied to the methyl groups. 
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Computing details 

Data collection: APEX2 (Broker, 2009); cell refinement: SAINT (Broker, 2009); data reduction: SAINT (Broker, 2009); 
program(s) used to solve structure: SHELXTL (Sheldrick, 2008); program(s) used to refine structure: SHELXTL 
(Sheldrick, 2008); molecular graphics: SHELXTL (Sheldrick, 2008); software used to prepare material for publication: 
SHELXTL (Sheldrick, 2008) and PLATON (Spek, 2009). 




Figure 1 

The molecular structure of the title compound showing 50% probability displacement ellipsoids for non-H atoms. 
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Figure 2 

The crystal structure of the title compound, viewed down the c axis. H atoms not involved in hydrogen bonds (dashed 
lines) have been omitted for clarity. 

[|/-Bis(di-o-tolylphosphanyl)methane- l^/^PrP'Jnonacarbonyl- 1* J C,2K 3 C,3K- 3 C-[tris(2-chloroethyl) 
phosphite-3fcP]-fr/angu/o-triruthenium(0) 



Crystal data 

[Ru 3 (C 6 H 12 Cl30 3 P)(C 29 H3oP2)(CO) 9 ] 

M r = 1265.25 

Monoclinic, P2\ 

Hall symbol: P 2yb 

a = 10.1705 (6) A 

b = 20.7490 (12) A 

c= 12.3584 (7) A 

£=109.241 (1)° 

V= 2462.3 (2) A 3 

Z=2 

Data collection 

Bruker SMART APEXII DUO CCD area- 
detector 
diffractometer 

Radiation source: fine-focus sealed tube 

Graphite monochromator 

tp and a> scans 

Absorption correction: multi-scan 
(SADABS; Bruker, 2009) 



F(000) = 1260 

D x = 1.707 Mgm- 3 

Mo Ka radiation, 1 = 0.71073 A 

Cell parameters from 9989 reflections 

(9 = 2.9-30.1° 

ju= 1.23 mnT 1 

T= 100 K 

Plate, brown 

0.63 x 0.30 x 0.09 mm 



23611 measured reflections 
1 1 176 independent reflections 
1 1085 reflections with / > 2o(I) 
^ = 0.016 

ftnax = 27.5°, 8 m i n = 1.8° 



0.513, T m 



0.899 



Refinement 

Refinement on F 2 
Least-squares matrix: full 
R[F 2 >2o(F 1 )] = 0.016 
wRiF 1 ) = 0.042 
S = 1.05 



A = -13->-13 
k= -26^26 
/ = -15^16 



11176 reflections 
590 parameters 
1 restraint 

Primary atom site location: structure-invariant 
direct methods 
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Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = l/KiV) + (0.0205P) 2 + 0.6778P] 

where P = (F a 2 + 2F 2 )/3 

Special details 

Experimental. The crystal was placed in the cold stream of an Oxford Cryosystems Cobra open-flow nitrogen cryostat 
(Cosier & Glazer, 1986) operating at 100 K. 

Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance 
matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; 
correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate 
(isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted R- factor wR and goodness of fit S are based on F 2 , 
conventional R- factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2sigma(F 2 ) is 
used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based 
on F 2 are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 




Rul 


0.944298 (14) 


0.325120 (7) 


0.809961 (11) 


0.00983 (3) 


Ru2 


0.765192 (14) 


0.257429 (7) 


0.616918(12) 


0.01032 (3) 


Ru3 


0.788240 (15) 


0.218119(7) 


0.844371 (12) 


0.01256 (3) 


Cll 


0.27592 (6) 


0.02481 (3) 


0.67579 (5) 


0.02873 (12) 


C12 


0.70147(10) 


-0.02232 (4) 


0.58668 (6) 


0.05110(19) 


C13 


0.49238 (9) 


0.17761 (4) 


1.09900 (7) 


0.0544 (2) 


PI 


0.97101 (5) 


0.41265 (2) 


0.69855 (4) 


0.01024 (9) 


P2 


0.84641 (5) 


0.31652 (2) 


0.48990 (4) 


0.01023 (9) 


P3 


0.66767 (5) 


0.12666 (3) 


0.84199 (4) 


0.01523 (10) 


01 


0.72264(15) 


0.40026 (8) 


0.87717 (13) 


0.0205 (3) 


02 


1.14022(17) 


0.35167 (9) 


1.05085 (13) 


0.0280 (4) 


03 


1.17618(15) 


0.24273 (7) 


0.77020 (13) 


0.0210(3) 


04 


0.55800(15) 


0.36598 (8) 


0.61476 (13) 


0.0214 (3) 


05 


0.55140(16) 


0.17020 (8) 


0.45254 (14) 


0.0241 (3) 


06 


0.96944 (16) 


0.14721 (8) 


0.62476 (13) 


0.0222 (3) 


07 


0.50273 (18) 


0.28256 (8) 


0.79736 (17) 


0.0318(4) 


08 


0.8773 (2) 


0.24850(11) 


1.09856 (14) 


0.0409 (5) 


09 


1.05262 (17) 


0.13615 (9) 


0.88318 (15) 


0.0279 (4) 


010 


0.50288 (16) 


0.12107 (8) 


0.77775 (13) 


0.0226 (3) 


Oil 


0.73473 (16) 


0.06597 (7) 


0.80111 (15) 


0.0242 (3) 


012 


0.66222 (17) 


0.10944 (8) 


0.96670 (14) 


0.0262 (3) 


CI 


0.86732 (19) 


0.48302 (9) 


0.71299(16) 


0.0127 (4) 


C2 


0.9109 (2) 


0.52284(10) 


0.81082 (17) 


0.0162 (4) 


C3 


0.8240 (2) 


0.57358 (10) 


0.81935 (18) 


0.0177 (4) 


H3A 


0.8521 


0.5998 


0.8840 


0.021* 


C4 


0.6980 (2) 


0.58619(10) 


0.73529 (19) 


0.0194 (4) 


H4A 


0.6438 


0.6209 


0.7425 


0.023* 


C5 


0.6533 (2) 


0.54589 (10) 


0.63914 (18) 


0.0175 (4) 



(A/(7) max = 0.001 
A/w = 0.78 e A~ 3 
A/w = -0.50 e A" 3 

Absolute structure: Flack (1983), 5368 Friedel 
pairs 

Flack parameter: 0.016 (10) 
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0.0170 


(11) 


0.0080 (11) 


C44 


0.0358 


(14) 


0.0510 


(18) 


0.0310 


(13) 


-0.0176(12) 


0.0169 


(11) 


-0.0111 (12) 
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Geometric parameters (A, ") 



Rul— C31 


1.890 (2) 


CIO— Cll 


1.381 (3) 


Rul— C30 


1.931 (2) 


CIO— H10A 


0.9300 


Rul— C32 


1.933 (2) 


Cll— C12 


1.395 (3) 


Rul— PI 


2.3483 (5) 


Cll— H11A 


0.9300 


Rul— Ru3 


2.8415 (2) 


C12— H12A 


0.9300 


Rul— Ru2 


2.8492 (2) 


C13— H13A 


0.9700 


Ru2— C34 


1.881 (2) 


C13— H13B 


0.9700 


Ru2— C35 


1.931 (2) 


C14— C19 


1.395 (3) 


Ru2— C33 


1.933 (2) 


C14— C15 


1.419(3) 


Ru2— P2 


2.3462 (5) 


C15— C16 


1.404 (3) 


Ru2— Ru3 


2.8614 (2) 


CI 5— C28 


1.517(3) 


Ru3— C37 


1.894 (2) 


C16— C17 


1.382 (3) 


Ru3— C38 


1.938 (2) 


C16— H16A 


0.9300 


Ru3— C36 


1.938 (2) 


C17— C18 


1.382 (3) 


Ru3— P3 


2.2543 (5) 


C17— H17A 


0.9300 


Cll— C40 


1.803 (2) 


C18— C19 


1.395 (3) 


C12— C42 


1.782 (3) 


C18— H18A 


0.9300 


C13— C44 


1.782 (3) 


C19— H19A 


0.9300 


PI— C7 


1.8434 (19) 


C20— C25 


1.402 (3) 


PI— CI 


1.844 (2) 


C20— C21 


1.414(3) 


PI— C13 


1.8600(19) 


C21— C22 


1.399 (3) 


P2— C20 


1.8313 (19) 


C21— C29 


1.507 (3) 


P2— C14 


1.8518 (19) 


C22— C23 


1.394 (3) 


P2— C13 


1.8534 (19) 


C22— H22A 


0.9300 


P3— Oil 


1.5916(16) 


C23— C24 


1.382 (3) 


P3— 012 


1.6007 (16) 


C23— H23A 


0.9300 


P3— 010 


1.6050 (16) 


C24— C25 


1.392 (3) 


01— C30 


1.147 (2) 


C24— H24A 


0.9300 


02— C31 


1.148 (3) 


C25— H25A 


0.9300 


03— C32 


1.152(2) 


C26— H26A 


0.9600 


04— C33 


1.150(3) 


C26— H26B 


0.9600 


05— C34 


1.157(3) 


C26— H26C 


0.9600 


06— C35 


1.143 (3) 


C27— H27A 


0.9600 


07— C36 


1.142 (3) 


C27— H27B 


0.9600 


08— C37 


1.141 (3) 


C27— H27C 


0.9600 


09— C38 


1.151 (3) 


C28— H28A 


0.9600 


010— C39 


1.433 (3) 


C28— H28B 


0.9600 


Oil— C41 


1.448 (3) 


C28— H28C 


0.9600 


012— C43 


1.439 (3) 


C29— H29A 


0.9600 


CI— C6 


1.408 (3) 


C29— H29B 


0.9600 


CI— C2 


1.410(3) 


C29— H29C 


0.9600 


C2— C3 


1.401 (3) 


C39— C40 


1.502 (3) 


C2— C26 


1.507 (3) 


C39— H39A 


0.9700 


C3— C4 


1.383 (3) 


C39— H39B 


0.9700 


C3— H3A 


0.9300 


C40— H40A 


0.9700 


C4— C5 


1.401 (3) 


C40— H40B 


0.9700 


C4— H4A 


0.9300 


C41— C42 


1.494 (3) 


C5— C6 


1.384 (3) 


C41— H41A 


0.9700 
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C5 — H5A 




0.9300 


C41 — H41B 


A AT A A 

0.9700 


C6 — H6A 




0.9300 


/~ 1 A i~t T T A O A 

C42 — H42A 


A AT A A 

0.9700 


C7— C12 




1.400 (3) 


C42— H42B 


0.9700 


C7— C8 




1.412(3) 


C43— C44 


1.516(4) 


C8 — C9 




1 1 a a \ 

1.399 (3) 


C43 — H43A 


A AT A A 

0.9700 


C8 — C27 




1.512 (3) 


C43 — H43B 


A AT A A 

0.9700 


C9 — CIO 




1.392 (3) 


TT /I /I A 

C44 — H44A 


A AT A A 

0.9700 


C9 — H9A 




0.9300 


A A Tl A AT} 

C44 — H44B 


A AT A A 

0.9700 


C31 — Rul- 


— C30 


on 1 a ZO\ 

89.14 (8) 


T T 1 O A Z" 1 1 1 TT1 O T~* 

H13A — C13 — H13B 


107.2 


C31 — Rul- 


— C32 


aa co /o\ 

90.58 (8) 


C19 — C14 — C15 


1 1 O O 1 / 1 T\ 

118.81 (17) 


C30 — Rul- 


— C32 


173.49 (8) 


C19 — C14 — P2 


116.59 (14) 


C3l — Rul- 


—PI 


1 A C A 1 f £.\ 

105.43 (6) 


C15 — C14 — P2 


124.59 (14) 


C30 — Rul- 


—PI 


r\f\ /V \ 

90.73 (6) 


C16 — C15 — C14 


1 1 T S~ 1 / 1 A\ 

117.61 (19) 


C32 — Rul- 


—PI 


95.61 (6) 


C16 — C15 — C28 


1 1 T 1 O / 1 A\ 

1 17.38 (19) 


C3l — Rul- 


— Ru3 


102.45 (6) 


C14 — C15 — C28 


1 O C A 1 / 1 T\ 

125.01 (17) 


C30 — Rul- 


— Ru3 


OA 1 T 

80.17 (6) 


C17 — C16 — C15 


122.5 (2) 


C32 — Rul- 


— Ru3 


ai cc //"\ 

93.55 (6) 


/-II n TT1/"A 

Cl7 — CI 6 — H16A 


1 1 O O 

118.8 


Pl — Rul— 


-Ru3 


1 C A ,1 AO / 1 O \ 

150.492 (13) 


C15 — C16 — H16A 


118.8 


C31— Rul- 


-Ru2 


160.62 (6) 


C18 — C17 — C16 


1 O A f\ / 1 A\ 

120.02 (19) 


C30— Rul- 


-Ru2 


96.02 (5) 


C 1 8 — C 1 7 — H 1 7 A 


1 OA A 

120.0 


C32— Rul- 


-Ru2 


OO OA / C\ 

82.20 (5) 


Cl6 — Cl7 — H17A 


120.0 


Pl— Rul— 


-Ru2 


AO ^ A1 /1 0\ 

93.203 (13) 


C17 — C18 — C19 


1 1 8.66 (19) 


Ru3— Rul- 


-Ru2 


/'A ni 

60.372 (6) 


/""i -i ^ /~i -1 o T T 1 O A 

C17 — CI 8 — H18A 


120.7 


C34— Ru2— C35 


on c-y /o\ 

87.53 (8) 


/" ■ 1 C\ /-^10 TT10A 

C19 — C18 — H18A 


1 A T 

120.7 


C34— Ru2- 


-C33 


ac o r i o \ 

95.85 (8) 


Cl8 — Cl9 — Cl4 


100 /IA /1A\ 

122.40 (19) 


C35— Ru2- 


-C33 


1 T ,1 AO / O \ 

174.03 (8) 


/~1 1 O /~1 1 A T T 1 A A 

CI 8 — Cl9 — H19A 


118.8 


C34— Ru2- 


-P2 


1 A^ 1 A //"\ 

102.19 (6) 


z' ' \ a f ' i r\ T T 1 A A 

Cl4 — C19 — H19A 


118.8 


C35— Ru2- 


-P2 


92.71 (6) 


r~"iz /"'id ni 

C25 — C20 — C2 1 


119.32 (17) 


C33— Ru2- 


-P2 


A 1 O O / \ 

91.38 (6) 


C25 — C20 — P2 


11A CO /1C\ 

1 19.52 (15) 


C34— Ru2- 


-Rul 


165.79 (6) 


C2l — C20 — P2 


101 -t C / -t A\ 

121.15 (14) 


C35— Ru2- 


-Rul 


AO /I O //"\ 

93.48 (6) 


C22 — C2 1 — C20 


1 1 O A A / 1 0\ 

118.00 (18) 


C33— Ru2- 


-Rul 


Ol A /I /f \ 

82.04 (5) 


C22 — C2 1 — C29 


1 1 O O £L /1 0\ 

118.86 (18) 


P2— Ru2— 


-Rul 


i\ 1 A / 1 O \ 

91.930 (13) 


C20 — C2l — C29 


1 O O 11 / 1 T\ 

I23.ll (17) 


C34— Ru2- 


-Ru3 


106.46 (6) 


C23 — C22 — C2 1 


1 o o o /o\ 

122.2 (2) 


C35— Ru2- 


-Ru3 


OO O -O //~\ 

83.32 (6) 


C23 — C22 — H22A 


1 1 O A 

118.9 


C33— Ru2- 


-Ru3 


A 1 A A /C\ 

91.00 (5) 


C2 1 — C22 — H22A 


118.9 


P2— Ru2- 


-Ru3 


1 C A O A a / 1 O \ 

150.848 (13) 


C24 — C23 — C22 


1 1 a o o / 1 rv\ 

1 19.33 (19) 


Rul— Ru2- 


-Ru3 


C A /"OA //^\ 

59.680 (6) 


C24 — C23 — H23A 


120.3 


C37— Ru3- 


-C38 


a 1 m / 1 a\ 

91.93 (10) 


/T>1 TTA-) A 

C22 — C23 — H23A 


1 O A 1 

120.3 


C37— Ru3- 


-C36 


AO /" 1 / 1 A \ 

93.62 (10) 


C23 — C24 — C25 


1 1 A OA / 1 A\ 

119.89 (19) 


C38— Ru3- 


-C36 


1 TO r\ A / A\ 

173.94 (9) 


/~1 O O /I TTA /I A 

C23 — C24 — H24A 


120.1 


C37— Ru3- 


-P3 


AO /" 1 /n\ 

98.61 (7) 


C25 — C24 — H24A 


120.1 


C38— Ru3- 


-P3 


AA £ 1 

90.61 (6) 


C24 — C25 — C20 


111 1 f /I A\ 

121.15 (19) 


C36— Ru3- 


-P3 


86.15 (6) 


C24— C25— H25A 


119.4 


C37— Ru3- 


-Rul 


90.90 (7) 


C20— C25— H25A 


119.4 


C38— RuS- 


-Rul 


85.24 (6) 


C2— C26— H26A 


109.5 


CS 6— Ru3- 


-Rul 


97.10(6) 


C2— C26— H26B 


109.5 


P3— Ru3- 


-Rul 


169.752 (15) 


H26A— C26— H26B 


109.5 
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L37 — Ru3 — Ru2 


1 A C\ OO /T\ 

149.88 (7) 


L38 — Ru3 — Ru2 


AO 

92. 86 (6) 


L36 — Ru3 — Ru2 


83.55 (6) 


P3 — Ru3 — Ru2 


111 A /I O / 1 /I \ 

111.042 (14) 


T"> , , 1 TI , , 1 T> - . O 

Rul — Ru3 — Ru2 


C A A yl O /C\ 

59.948 (5) 


L7 — PI — CI 


1 AC C 1 /A\ 

105.53 (9) 


C7 — PI — C13 


1 AA /I /I ZO\ 

100.44 (8) 


LI — PI — LI 3 


1 AT "7 A / A\ 

103.79 (9) 


L / — PI — Rul 


1 1 O AO i d\ 

lls.Os (6) 


LI — PI — Rul 


111 AC //"\ 

112.05 (6) 


L13 — PI — Rul 


1 15.32 (6) 


CzO — rz — C14 


1 A A AH /o\ 

104.47 (8) 


pin "no rn 
CzO — rz — CI 3 


1 A1 C/T iC\\ 

103.56 (9) 


p i ,1 ni pii 

C14 — rz — CI J 


AA AA ZO\ 

99.99 (8) 


P1A T>1 T> 1 

L20 — P2 — Ru2 


11/1 1 C //"\ 

114.25 (6) 


P 1 ,1 Tt O D . . 1 

C14 — rz — Ruz 


117.94 (6) 


C 1 J — rz — Kuz 


11/1 an i c\ 
114.6/ (6) 


ai 1 nt p» i -> 

Oil — r3 — Ulz 


1 f\n An /c\\ 

106.47 (9) 


Oil — P3 — OlO 


1 A C Ol / A \ 

105.82 (9) 


pv i i -m p,m 

012 — P3 — OlO 


AC £. A (C\\ 

95.64 (9) 


Oil — P3 — Rui 


1 1 O A C //T\ 

llz.45 (6) 


012 — P3 — Ru3 


111 C1 /T\ 

111. 51 (7) 


1 A TT1 Tl 1 

OlO — P3 — Ru3 


111 Ol 

122.83 (6) 


L39 — OlO — P3 


111 /II /1/I\ 

123.43 (14) 


L41 — Oil — P3 


1 1C o-7 /1 /|\ 

1/5.3 / (14) 


/~\ a i /"v 1 i TT1 

L43 — 012 — P3 


127.12 (16) 


f • s~ f~\ 1 PI 

L6 — LI — L2 


110 C/l /I o\ 

118.54 (18) 


C • / p 1 f-j 1 

L6 — LI — PI 


1 O A AC /1 CA 

120.05 (15) 


Lz — LI — PI 


121.25 (15) 


f • i-t PI P 1 

L3 — L2 — LI 


110 AC\ / 1 0\ 

118.49 (18) 


L3 — L2 — L26 


i n /i / 1 o\ 

117.62 (18) 


P 1 PI p i /" 

LI — L2 — L26 


111 OO / 1 o\ 

123.88 (18) 


L4 — L3 — L2 


1 11 A A / 1 A\ 

122.49 (19) 


P /I P 1 T TI A 

L4 — L3 — H3A 


118.8 


PI PI TT") A 

L2 — L3 — H3A 


118.8 


PI P /I PC 

L3 — L4 — 05 


1 1 A A "7 / 1 A\ 

119.07 (19) 


pi p A TT /I A 

C3 — C4 — H4A 


1 OA C 

120.5 


P C P /I T T /I A 

L5 — L4 — H4A 


120.5 


P /" P C P /I 

L6 — L5 — L4 


119.36 (19) 


P / PC TTf A 

Co — C5 — H5A 


1 1 A O 

120.3 


C • A PC TTC A 

C4 — C5 — H5A 


1 OA "5 

lz0.3 


L5 — L6 — LI 


1 OO AA / 1 A\ 

122.00 (19) 


L5 — L6 — H6A 


1 1 A A 

119.0 


L 1 — L6 — rloA 


1 1 A A 


LI 2— L7— L8 


119.44(17) 


L12 — L7 — PI 


116.78 (14) 


L8— L7— PI 


123.74(14) 


L9— L8— L7 


117.83 (18) 


L9— L8— L27 


117.79(18) 



PI PI/" TTI/'P 

L2 — L26 — H26L 


109.5 


H26A — L26 — H26L 


109.5 


T TO /"H P O T TO y^P 

H26B — L26 — H26L 


109.5 


PO pn t ti *7 a 

L8 — L27 — H27A 


1 AA C 

109.5 


po pn unn 

L8 — L27 — H27B 


109.5 


H27A — L27 — H27B 


109.5 


PO POT x ti nn 

L8 — L27 — H27L 


109.5 


H27A — L27 — H27L 


109.5 


T TO TTl POT T TI TP 

H27B — L27 — H27L 


109.5 


L15 — L28 — H28A 


109.5 


P1 C POO TTOOH 

LI 5 — L28 — H28B 


109.5 


H28A — L28 — H28B 


109.5 


P1 C POO TTOOP 

L15 — L28 — H28L 


109.5 


TTOO A POO TTOOP 

H28A — L28 — H28L 


109.5 


H28B — L28 — H28L 


109.5 


L21 — L29 — H29A 


109.5 


C ' "\ 1 POA TTOAT") 

Czl — Cz9 — Hz9B 


1 AA C 

109.5 


TTOA A P1A T TI AH 

H29A — L29 — H29B 


1 A A C 

109.5 


L21 — L29 — H29L 


109.5 


TTOA A POA TTOAP 

H29A — C29 — H29C 


109.5 


T TO AT) pm T TO A/" 1 

H29B — Czv — H29C 


1 AA C 

109.5 


Pi 1 POA Ti 1 

Ol — L30 — Rul 


1 TO A O / 1 /"\ 

172.48 (16) 


02 — L3l — Rul 


1 TA 1 A / 1 A\ 

179.19 (19) 


Pil PIO Tl 1 

03 — L32 — Rul 


1T1 TI /1T\ 

173.73 (17) 


/ \ a pii r> . . i 

U4 — C33 — Ku2 


1 HA 1 C /1 jC\ 

174.15 (16) 


05 — L34 — Ru2 


1T/" C/"" /10\ 

176.56 (18) 


06 — L35 — Ru2 


1 T~i A 1 / 1 T\ 

173.01 (17) 


/"\ — T PI T> 1 

07 — L36 — Ru3 


1 TO OT / 1 A\ 

172.27 (19) 


PO PIT TT 1 

08 — L37 — Ru3 


1 TT T /O \ 

177.7 (2) 


09 — L38 — Ru3 


1 T^ /""T /1 O \ 

172.67 (18) 


OlO — L39 — L40 


1 AT AO /1 O \ 

107.98 (18) 


P1A POA TT1AA 

010 — L39 — H39A 


1 1 A 1 

110.1 


p A r\ P1A TT1AA 

L40 — L39 — H39A 


1 1 A 1 

110.1 


s~\ 1 a f r\ t ti at* 

OlO — L39 — H39B 


110.1 


L40 — L39 — H39B 


110.1 


T TI A A P1A T TI AH 

H39A — L39 — H39B 


108.4 


P1A p a r\ pi i 

L39 — L40 — Lll 


1 A A T C / 1 /"\ 

109.75 (16) 


P 1 A P A A T T /I A A 

L39 — L40 — H40A 


109.7 


LI l — L40 — H40A 


109.7 


P 1 A P A A T T /I AH 

L39 — L40 — H40B 


109.7 


1 -1 /— i ,| /\ t T A A"H 

LI 1 — L40 — H40B 


109.7 


T T A A A yl A T T /I An 

H40A — L40 — H40B 


108.2 


Oil — L4l — L42 


1AT /~ A /10\ 

107.60 (18) 


11 r-i A i TT/I 1 A 

Oil — L41 — H41A 


1 10. z 


L42— L41— H41A 


110.2 


Oil— L41— H41B 


110.2 


L42— L41— H41B 


110.2 


H41A— L41— H41B 


108.5 


L41— L42— L12 


112.09(17) 
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C7— C8— C27 
CIO— C9— C8 
CIO— C9— H9A 
C8— C9— H9A 
Cll— CIO— C9 
Cll— CIO— HlOA 
C9— CIO— HI OA 
CIO— Cll— C12 
CIO— Cll— H11A 
C12— Cll— H11A 
Cll— C12— C7 
Cll— C12— H12A 
C7— CI 2— H12A 
P2— CI 3— PI 
P2— C13— H13A 
PI— CI 3— HI 3 A 
P2— C13— H13B 
PI— C13— H13B 



124.38 (18) 
122.10(19) 
119.0 
119.0 

120.03 (18) 

120.0 

120.0 

118.98 (18) 

120.5 

120.5 

121.60(18) 

119.2 

119.2 

117.51 (10) 

107.9 

107.9 

107.9 

107.9 



C41— C42— H42A 
C12— C42— H42A 
C41— C42— H42B 
C12— C42— H42B 
H42A— C42— H42B 
012— C43— C44 
012— C43— H43A 
C44— C43— H43A 
012— C43— H43B 
C44— C43— H43B 
H43A— C43— H43B 
C43— C44— C13 
C43— C44— H44A 
C13— C44— H44A 
C43— C44— H44B 
C13— C44— H44B 
H44A— C44— H44B 



109.2 

109.2 

109.2 

109.2 

107.9 

112.3 (2) 

109.2 

109.2 

109.2 

109.2 

107.9 

111.89(19) 

109.2 

109.2 

109.2 

109.2 

107.9 



C31— Rul 
C30— Rul 
C32— Rul 
PI— Rul- 
Ru3— Rul 
C31— Rul 
C30— Rul 
C32— Rul 
Pl— Rul- 
Ru3— Rul 
C31— Rul 
C30— Rul- 
C32— Rul 
PI— Rul- 
Ru3— Rul- 
CS 1—Rul- 
C30— Rul 
C32— Rul- 
Pl— Rul- 
Ru3— Rul 
C31— Rul 
C30— Rul- 
C32— Rul- 
Pl— Rul- 
CS 1—Rul- 
C30— Rul- 
C32— Rul- 
Pl— Rul- 
Ru2— Rul 
C31— Rul 



-Ru2— C34 
-Ru2— C34 
-Ru2— C34 
Ru2— C34 
-Ru2— C34 
-Ru2— C35 
-Ru2— C35 
-Ru2— C35 
Ru2— C35 
-Ru2— C35 
-Ru2— C33 
-Ru2— C33 
-Ru2— C33 
Ru2— C33 
-Ru2— C33 
-Ru2— P2 
-Ru2— P2 
-Ru2— P2 
Ru2— P2 
-Ru2— P2 
-Ru2— Ru3 
-Ru2— Ru3 
-Ru2— Ru3 
Ru2— Ru3 
-Ru3— C37 
-Ru3— C37 
-Ru3— C37 
Ru3— C37 
-Ru3— C37 
-Ru3— C38 



43.1 (3) 
-61.6(3) 
112.1 (3) 
-152.7(3) 
13.5 (3) 
-50.52 (19) 
-155.25 (8) 
18.44 (8) 
113.67 (6) 
-80.18(6) 
125.52 (19) 
20.79 (8) 
-165.52 (8) 
-70.29 (6) 
95.86 (6) 
-143.36(18) 
111.91 (6) 
-74.39 (6) 
20.834 (17) 
-173.017(13) 
29.66 (18) 
-75.07 (6) 

98.62 (6) 
-166.149 (13) 

17.63 (10) 
-69.28 (9) 
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C6— CI— C2— C3 
PI— CI— C2— C3 
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CI— C2— C3— C4 
C26— C2— C3— C4 
C2— C3— C4— C5 
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Hydrogen-bond geometry (A, ") 
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126 



Symmetry code: (i) x+l,y, z. 
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